Cohort Effects of Female Breast Cancer Incidence in Korea by 남정모
보건정보통계학회지	제39권	제2호
ISSN 2287-3708(Print) ISSN 2287-3716(Online)
Journal of Health Informatics and Statistics (JHIS)
2014; 39(2): 32-43
† Corresponding Author: Chung Mo Nam, PhD
 Department of Preventive Medicine / Department of Biostatistics, Yonsei University College of Medicine, 
 50 Yonsei-ro, Seodaemun-gu, Seoul 120-752, Korea. Tel: +82-2-2228-1871
 E-mail: CMNAM@yuhs.ac
* This study was supported by funding from the Korean Foundation for Cancer Research in 2013 (no. 2013-2).
[접수일: 2014년 10월 30일, 수정일: 2014년 12월 18일, 게재확정일: 2014년 12월19일]
Abstract
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Objectives: The purpose of the study is to review various methods in age-period-cohort (APC) analysis and 
to provide a guideline to choose adequate method evaluating age, period, and cohort effects. We investigated 
age, period, and cohort effects  of breast cancer incidence between 1999 and 2011 in Korea.
Methods: Data on female breast cancer incidence from 1999 to 2011 were drawn from the Korean national 
statistical office. The 5-year period of data units (1999-2003, 2004-2008, and 2009-2011) and 5-year age 
interval (30-34-80-84) were used to calculate 13 birth cohorts. The graphical approach, constrained generalized 
linear model (CGLM) approach, median polish approach and intrinsic estimator (IE) approach were used to 
estimate age, period, and cohort effects.
Results: The age and period effects existed significantly in CGLM, median polish, IE approaches. The 
breast cancer incidence increased along with age and period. However, there was a difference in cohort 
effect. For CGLM, positive cohort effects for recent cohort emerged significantly, but for the other 
methods, no significant effects shown. 
Conclusions: While previous studies have used the CGLM method, CGLM depends on arbitrary parameter 
constraints. Therefore, we suggest median polish approach or IE approach for analyzing APC models to 
obtain more accurate results. 
Keywords: APC model, Cohort effect, Breast cancer, CGLM, Median polish, Intrinsic estimator
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Table 1. Age-specific incidence for female breast cancer, 




30-34 20.32 24.76 27.97
35-39 40.74 51.14 61.50
40-44 67.40 90.42 104.97
45-49 84.86 121.58 144.93
50-54 78.30 104.12 133.07
55-59 65.48 89.84 112.67
60-64 50.70 81.82 102.8
65-69 39.42 59.22 81.13
70-74 31.90 47.58 65.67
75-79 25.04 36.86 46.10
80-84 22.02 28.16 35.87
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Incidence by age and period































































Incidence by age and period
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Figure 2. Age, period, and cohort effects estimated from the CGLM with three identifying constraints.
*CGLM: constrained generalized linear model
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*Included independent variables (A: age, P: period, C: cohort)
  CGLM: constrained generalized linear model
Table 2. Likelihood ratio (LR) test of model fit using the CGLM estimator: Korean female breast cancer incidence 1999-2011
Model* Deviance DF LR test (d.f.) p-value
A 111.71 22 111.42 (13) <0.001
P 469.88 30 469.59 (21) <0.001
C 180.18 20 179.90 (11) <0.001
AP 4.51 20 4.22 (11) 0.963
AC 1.51 10 1.22 (1) 0.269
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35-39 2.08 1.86 2.33
40-44 3.65 2.99 4.46
45-49 5.11 3.82 6.84
50-54 4.93 3.36 7.72
55-59 4.58 2.84 7.38
60-64 4.47 2.53 7.91
65-69 3.97 2.04 7.71
70-74 3.83 1.79 8.82
75-79 3.30 1.40 7.76
80-84 2.88 1.14 7.32
Period (1999-2011)
1999-2003 Reference
2004-2008 1.27 1.16 1.40




1929 1.12 0.98 1.27
1934 1.28 1.03 1.58
1939 1.52 1.12 2.07
1944 1.86 1.24 2.78
1949 2.05 1.25 3.37
1954 2.18 1.21 3.94
1959 2.43 1.23 4.81
1964 2.55 1.17 5.53
1969 2.57 1.08 6.14
1974 2.62 1.00 6.87
1979 2.51 0.87 7.24


















35-39 2.10 1.59 2.77
40-44 3.60 2.78 4.66
45-49 4.81 3.74 6.19
50-54 4.32 3.35 5.57
55-59 3.67 2.83 4.75
60-64 3.22 2.48 4.19
65-69 2.46 1.88 3.23
70-74 1.99 1.50 2.63
75-79 1.48 1.10 1.99
80-84 1.18 0.86 1.61
Period (1999-2011)
1999-2003 Reference
2004-2008 1.40 1.25 1.56
2009-2011 1.74 1.57 1.94
Cohort
1919 Reference
1924 0.91 0.79 1.06
1929 0.93 0.80 1.07
1934 0.92 0.80 1.07
1939 0.93 0.81 1.08
1944 0.98 0.85 1.13
1949 0.95 0.83 1.10
1954 0.95 0.82 1.09
1959 0.97 0.84 1.12
1964 0.98 0.85 1.13
1969 0.96 0.84 1.11
1974 0.93 0.80 1.09





























Figure 3. Median polish approach: nonadditive influences of age and 
period by birth cohort on female breast cancer incidence, 1999-2011.
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30-34 0.48 0.36 0.63
35-39 0.91 0.77 1.09
40-44 1.46 1.26 1.69
45-49 1.85 1.60 2.15
50-54 1.63 1.39 1.91
55-59 1.37 1.16 1.63
60-64 1.22 1.02 1.46
65-69 0.99 0.82 1.18
70-74 0.86 0.72 1.04
75-79 0.68 0.56 0.82
80-84 0.54 0.42 0.70
Period (1999-2011)
1999-2003 0.74 0.69 0.79
2004-2008 1.04 0.97 1.10
2009-2011 1.31 1.23 1.39
Cohort
1919 0.99 0.66 1.48
1924 0.90 0.68 1.18
1929 0.92 0.75 1.12
1934 0.95 0.78 1.16
1939 1.03 0.84 1.26
1944 1.15 0.94 1.40
1949 1.15 0.95 1.39
1954 1.11 0.93 1.33
1959 1.13 0.96 1.32
1964 1.07 0.92 1.25
1969 0.99 0.84 1.16
1974 0.91 0.73 1.14





























Figure 4. Intrinsic estimator coefficient estimates of the cohort 
effects using Korean female breast cancer incidence, 1999-2011.
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